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Abstract 
Glucose has proven to be a promising fuel for renewable and sustainable fuel cells due to its high energy density. The 
anion-exchange membrane (AEM) direct glucose fuel cell (DGFC) attracted lots of attentions because of the higher 
performance than the conventional microbial fuel cell. Among the factors affecting the performance of the DGFC, the 
anode structure plays an important role, but presently, a general understanding of the anode electrode design is far 
less understood. In this work, anode structure was designed for the high-performance AEM DGFC, including the 
configurations of the anode electrode and the compositions of both the micro-porous layer (MPL) and catalyst 
layer(CL). The experimental results revealed that the fabrication of the anode electrode with catalyzed diffusion 
medium (CDM) method yielded better performance than that with catalyst-coated membrane (CCM) method because 
of lower resistance of the mass transport. It was found that the addition of an ultra-thin MPL (0.3 mg cm-2 carbon 
loading) between backing layer (BL) and CL improved the cell performance due to it can facilitate the electron 
transfer. In addition, the MEA with PTFE binder in the anode CL showed a better cell performance than that with I2 
binder due to the enhanced mass transport and larger active surface area. 
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1. Introduction 
In the past few years, glucose has been widely investigated as a promising environment-friendly fuel in 
the fuel cells, because it can be produced in abundance from both naturally plants and industrial processes 
and has relatively high energy density based on complete oxidation to CO2 via 24-electron transfer [1]. 
The conventional microbial fuel cell (MFC) has attracted considerable attention, which uses biocatalysts 
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to oxidize the glucose. The MFC possesses the advantages such as mild reaction conditions, long life 
times and ability in producing power in a natural environment. However, the low power density, due to 
the difficulty of transferring the electrons from the microbe to the electrode, remains one of the main 
obstacles for its practical applications [2]. To improve the cell performance, particular attention was paid 
to the high-performance anion-exchange membrane (AEM) direct glucose fuel cell (DGFC). The highest 
power density of DGFC reported by Zhao [3] was 38 mW cm-2. And recently, many attempts have been 
made to have a higher the cell performance, such as using the metal nanoparticles-based electro-catalysts 
Pd-Pt [1], Au-Ni foams [2] and Pt-Au [4]. Apart from this, the structure of the fuel cell also plays an 
important role in improving the cell performance [5,6]. But till now, it is not enough for the understanding 
of the anode structure design for the AEM-DGFC, which has great influence on mass and electron transfer. 
In this work, anode structure was designed for the AEM DGFC, including the configurations of the anode 
electrode, and the compositions in both the micro-porous layer (MPL). 
2. Experimental 
2.1. The preparation of MEA 
In the process of MEA preparation, the cathode was prepared using Pd/C catalyst, which was coated 
on the cathode MPL attaching on the carbon paper. The cathode and anode electrodes were separated by 
an anion exchange membrane (A201, Tokuyama). Because of the different configurations and 
compositions of the anode electrode, six different MEAs had been fabricated in this work, which were 
listed in Table 1.  
Table 1. Configurations and compositions of the MEAs  
MEA 
The configurations of the 
anode electrode 
Anode Cathode 
MPL CL MPL CL 
Carbon black 
loading and 
20wt.% PTFE 
Pd/C loading 
Carbon black 
loading and 
40wt.%PTFE 
Pd/C loading  
and 5wt.% PTFE 
MEA-1 
catalyst-coated membrane 
(CCM) method 
0 mg cm-2 
2.0 mg cm-2 Pd/C 
30 wt.% I2 
1.4 mg cm-2 1.2 mg cm-2 
MEA-2 0.3 mg cm-2 
MEA-3 0.6 mg cm-2 
MEA-4 0.9 mg cm-2 
MEA-5 catalyst-coated membrane (CCM) method 0.3 mg cm
-2 1.5 mg cm
-2 Pd/C 
with 30 wt.% I2 
MEA-6 
catalyzed diffusion 
medium (CDM) method 
0.3 mg cm-2 1.5 mg cm
-2 Pd/C 
with 30 wt.% I2 
MEA-7 0.3 mg cm-2 1.7 mg cm
-2 Pd/C 
with 30 wt.% I2 
MEA-8 0.3 mg cm-2 1.7 mg cm
-2 Pd/C 
with 30 wt.% PTFE 
To study the effect of the carbon black in the MPL, MEA-1 to MEA-4 were fabricated in-house with 
various amounts of carbon black in the anode MPL. In the above MEAs, anode catalyst layers were 
formed by the catalyst-coated membrane (CCM) method, in which the anode catalyst inks, prepared by 
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mixing Pd/C catalyst with a loading of 2.0 mg cm-2, 30 wt.% I2 ionomer and ethyl alcohol as solvent, 
were sprayed on the anion-exchange membrane. To reveal the impact of the configurations of the anode 
electrode on the mass transfer, the MEA-5 prepared by CCM method was compared with the MEA-6 
prepared by CDM method, in which the anode CL coated onto the MPL with the same compositions with 
the MEA-5. MEA-7 was formed with another polymer binder PTFE taking place of I2 in the anode CL of 
MEA-6 to explore the influence of the types of polymer binders in anode CL on the performance of the 
AEM-DGFC. 
2.2. Electrochemical measurement 
In this work, the cell was operated with an anode feed of 0.5 M glucose and 2 M KOH solutions at 1.5 
mL min-1. On the cathode, the oxygen volumetric flux was controlled by a mass flowmeter (Omega 
FMA-765A-V). A flow rate of 50 standard cubic centimeters per minute (sccm) oxygen was fed to the 
cathode channel machined on the stainless-steel plates, which was used as current collectors. In addition, 
the experiments were performed at a temperature of 60 ć. The AEM-DGFC single cell voltage-current 
curves were obtained by using the electrochemical workstation (AUTOLAB PGSTAT302N, Eco Chemie 
B.V.) combined with a computer interface. 
3. Results and discussion 
3.1. Effect of the carbon black loading in the anode MPL on cell performance 
The polarization and power density curves of MEA-1 to MEA-4 with various carbon black loadings in 
the anode micro-porous layer (MPL) are shown in Fig. 1. It can be seen that the highest peak power 
density of 6.67 mW cm-2 among the four MEAs was obtained when 0.3 mg cm-2 carbon loading coated on 
the anode MPL. It is interesting to notice that increasing carbon loading from 0 to 0.3 mg cm-2 led to an 
improved cell performance in the moderate current density. But the peak power density of the MEAs 
declined rapidly from 6.67 mW cm-2 to 3.64 mW cm-2 with further increasing carbon black loading to 0.9 
mg cm-2 in the anode MPL. 
0 5 10 15 20 25 30 35 40
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
 
Ce
ll 
vo
lta
ge
, 
(V
)
 0 mg cm-2
 0.3 mg cm-2
 0.6 mg cm-2
 0.9 mg cm-2
Anode: 0.5 M glucose and 2 M KOH, 1.5 mL min-1
Cathode: Oxygen, 50 sccm
Temperature: 60ć
0
1
2
3
4
5
6
7
8
Pow
er density, (m
W
 cm
-2)
Current dengsity, (mA cm-2)  
Fig. 1. Effect of the carbon contents in the anode MPL on cell performance 
This is probably because that in the ohmic region, the carbon black loading increased from 0 to 0.3 mg 
cm-2 led to a decrease of electron transfer resistance with a larger current collect area. However, the 
thickness of MPL also increased with the incremental carbon black loading in the anode MPL increases 
the thickness of the MPL, resulting in a longer diffusion path of glucose from the flow channel to the 
anode catalyst layer. And this caused that the maximum current density had been declining when the 
carbon loading of anode MPL was increased. In summary, the electron transfer can be facilitated with a 
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higher carbon loading in the anode MPL, but mass transport polarization can also be increased along with 
it. As a result, the addition of an ultra-thin MPL between backing layer (BL) and CL improves the cell 
performance. 
3.2. Influence of the configuration techniques 
The effect of configuration techniques for MEA fabrication on the AEM-DGFC is presented in Fig.2. 
Comparing the cell performance of the MEA-5 with CCM form and the MEA-6 with the CDM form, it 
can be seen that CDM form shows better cell performance than the MEA with CCM form. The peak 
power density of MEA-5 was 6.04 mW cm-2 compared with 4.71 mW cm-2 peak power density of MEA-6. 
And the maximum current density increased from 21.12 mA cm-2 to 40.06 mA cm-2 when the MEA 
configuration techniques changed from CCM to CDM method. This behavior is probably caused by the 
catalyst distribution. The catalyst ink was directly sprayed on to the membrane to fabricate the MEA-5, 
while in CDM form, the ink was brushed into the MPL directly. Comparing these two different 
configuration techniques, a denser catalyst layer was formed with the CCM method. And the porosity of 
the CCM form was lower than the CDM form. So a larger catalyst active surface area was obtained with 
the CDM method. In addition, the electrolyte can be easily transported and fully utilized in the catalytical 
sites. Thus, CDM MEA probably had higher catalysts utilization and a lower mass transport resistance. 
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Fig. 2. Effect of the configurations of the anode electrode Fig. 3. Effect of the types of binder in the anode CL on cell 
performance 
3.3. Influence of different binders in the anode CL on cell performance 
Fig. 3 illustrates the polarization and power density curves of two AEM-DGFCs with two kinds of 
binders in the anode CL. It can be seen that over the whole region, the cell voltage of MEA-8 with PTFE 
binder in the anode CL is higher than MEA-7 with I2 binder in the anode CL. And at a current density of 
35 mA cm-2, the peak power density increased from 9.59 mW cm-2 to 11.52 mW cm-2 when the binder in 
the anode CL changed from I2 to PTFE. The better performance of MEA-8 with PTFE as the binder can 
be attributed to the porous structure in the anode CL, which can enhance mass transport of the glucose 
and KOH. However, the number and size of catalyst agglomeration increase in the anode catalyst layer 
with adding I2 binder to the MEA-7, which leads to the decrease of active surface area. This experimental 
result is in agreement with the open reported literature [5]. 
4. Conclusion 
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The anode structure, including configurations of the anode electrode and the compositions of both the 
micro-porous layer (MPL) and the catalyst layer (CL) have large influence on the performance of the 
AEM-DGFC. Experimental results indicated that the configuration of the anode electrode with CDM 
method yielded better performance than that with CCM method because of a higher catalysts utilization 
and a lower mass transport resistance. It was also found that an ultra-thin MPL with an optimal carbon 
loading of 0.3 mg cm-2 between backing layer (BL) and CL can improve the cell performance. This is 
primarily because that the electron transfer can be facilitated with a higher carbon loading in the anode 
MPL; however the mass transport polarization can also be increased along with it. In the anode catalyst 
layer, MEA with PTFE binder performs better than the MEA with I2 binder due to the enhanced mass 
transport, while I2 ionomer will facilitate the formation of catalyst agglomeration, which leads to the 
decrease of the active surface area. 
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